vii ABSTRACT A log-period amplifier which is combined with power supply on a rack-mounted chassis with a 7-in. panel is described. The circuits are transistorized except for electrometer tubes and log diodes. Input power is 25 watts. Noise reducing and calibrating circuits as well as a catching circuit to keep the This paper is concerned with the application of transistors to the logarithmic amplifier which was described in a paper on the same subject at the 1954 Institute of Radio Engineers convention in New York. 1 To review the background very briefly, we may say that-the current from an ion chamber which is due to-the neutron flux is proportional to power. If this current is measured logarithmically, a wide range can be covered with an accuracy which is constant at all levels. The period is defined as the reciprocal of the derivative of the logarithm of current.
It is a measure of the e-folding time and is sometimes expressed in terms of doubling time.
The logarithmic amplifier described depends on the use of a thermionic diode as a nonlinear element. Other methods are available which have been described in the literature. 2 ' 3 The use of transistors has allowed the log and period amplifiers to be combined, together with the power supply, on a single chassis with a 7-in. panel. The weight is only 20 lb and the power input 25 watts. A front view is shown in Figure 1 . Operational improvements have been made which will be described.
LOG DIODE CONSIDERATIONS
The log diode is a nonlinear element with characteristics described by the equation This relationship is theoretically ideal but is sensitive to changes in cathode temperature which introduce The bias effect can be largely compensated by using two diodes in connections which tend to balance out the effects of temperature changes and power supply variations. Different circuits have been used for this purpose, 4 but we have chosen to continue to use two diodes in series back to back, with a constant current through the balance diode which is large compared with the maximum current to be measured ( Figure. 2). The input current then flows through both diodes, but the change in potential across the balancing diode is small and negligible, since it is included in the calibration. The drift is reduced to approximately one-tenth by the compensation, and with regulated heater current it is negligible.
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The diode may be considered as a variable resistance which depends on the current:
Thus, the resistance will vary one million to one over the operating range of the amplifier, and when used with an input cable of perhaps 1000 ppf, it can cause instability when included in the feedback circuit. It has been shown 5 that overshoot can be avoided if the amplifier amplitude-versus-frequency curve does not exceed 10 db decade, which corresponds to a 45-deg phase shift.
DESCRIPTION OF CIRCUITS
Log Amplifier
Low-current electrometer tubes are used for the input stages, since no transistor is available with a sufficiently high input impedance. The most important condition in the use of the electrometers is low grid current, which depends on low plate and screen voltages. With a triode under these low-voltage conditions, the transconductance is only 1.5 times that of the pentode connection, and use of the second grid (screen grid) as a control grid is lost. It is desirable to operate the first control grid in a good region (at least 2 volts negative, so as not to increase grid current, and not more than 3 volts negative, which would reduce the gain unnecessarily). The second grid is useful for controlling the operating conditions of the tubes.
The transistor circuit used is shown in Figure 3 . The balanced 5886 subminiature tubes drive a differential stage by using 2N328 silicon transistors to obtain low ICO and to minimize temperature effects. A stable operating level is obtained without adjustments by connecting the electrometers as tetrodes and supplying the screen currents from the common emitters of the transistors. The plates of the electrometers connect to the bases of the transistors.
With this connection changes in dc level are highly degenerated without reduction of signal gain.
Generally, the way the circuit operates is to tend to maintain the total plate currents (the sum of the two) constant. This circuit is better than the triode-connected tubes because of the current gain of the transistors in the differential amplifier. Less current change at the plates is able to control more current at the screens, and because of this gain the result is greater stability.
A similar circuit is familiar in vacuum tube practice. 
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-o 20 0V. Calibration of the log amplifier is done in the conventional manner, adjusting for two points, i.e., 10-10 and 10-6 amp, by varying the bias and gain. Adjusting the bias and gain allows the full-scale output to be set for 1.5, i.e., 0.25 volt/decade or 0.075 volt/octave.
KS-25005
For period calibration ( Figure 4 ) the log diode is biased to be nonconducting and the log amplifier is connected as an integrating amplifier to generate a linear ramp. In order to discharge the capacitors quickly, a reset position ( Figure 5 ) is provided on the function switch which connects feedback resistors of 100 K and 22 M around the amplifiers. This discharges the ramp generator with a time constant of 0.1 sec and the differentiating capacitor in about 1 sec. -FIG.3 ti Figure 6 , the period amplifier is a feedback differThis has the usual advantage that with adequate ampliis dependent only on passive circuit elements.
4 AMP
In choosing the constants the factors which determine the input current are the log amplifier output per decade, the period to be measured, and the size of the capacitor. With a given capacitor the output voltage depends on the resistor and the time constant on the gain of the amplifier. The values chosen are a ca promise in which such factors as cauponent size, amplifier stability, current leakage, and time constant are considered. The details of the circuit are given in Figure 7 .
When the period meter is used for initiating the operation of protective .circuits, it is usually desirable to provide a suitable delay before developing a trip signal. This delay may be some function of the period, This implies that if a period occurs which is 5% above the set value, then a trip signal will be generated in ~].$ sec.
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Calibration is made by applying a simulated which is adjusted to be 0.075 volts per doubling state current through the capacitor and feedback period from the log amplifier, time. This gives a steadyresistor of I= 0.075-= 3.4 xl0" 0 amp for DT = 15 sec (doubling time) and C = 0.068 pf.
Since the feedback resistor is 1010 ohms, the output is 3.4 volts and the gain control is adjusted to make the meter read correctly at 15 sec doubling time (4 volts). 
KS-25010 Unclassified
Noise Filters
In order to reduce noise, a nonlinear filter is placed between the output of the log amplifier and the input to the period amplifier, Figure 8 . This filter uses silicon diodes which have a high resistance at low voltage. Two diodes are used in parallel with polarities reversed. With a l-pf capacitor the filter has a long time constant at low voltages which decreases until it is negligible at potentials above 0.5 volt so that it has little effect on tripping time. At the input a 1.2 Mresistor in series with the log diode also prevents noise transients from being rectified by the diode. The RC filter at the input grid further reduces the high-frequency gain.
Catching Circuits.
Consider a log amplifier which is operating at very low currents such that the diode is no longer in its logarithmic range or perhaps is cut off as a result of transients or grid current. If now the ion chamber current increases, the output of the amplifier is not logarithmic but linear, simulating a much shorter period, until the log diode reaches its operating range. This effect causes tripping during startup.
In order to prevent this tripping, a negative feedback is used through a resistor from an auxiliary amplifier which is operative only
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AT. -v cn when the output is slightly reversed. This circuit has negligible effect for normal operation, but if the output reverses, indicating the diode current is less than 10-12 amp, the feedback is activated, which causes a current flow into the input to maintain the current at 10-12 through the log diode, even with slightly reversed input current. This prevents the log diode from getting out of its logarithmic range.
ELECTR( AND LOG
Similarly, on the period amplifier a catching diode is used as a low impedance feedback to improve the recovery time for input reversals caused by switching transients or negative periods.
Trip Output
The trip output consists of a discriminator with a transistor biased off by an adjustable potential on its base. The trip circuit 8 ' 7 generates a current from a positive source, and the trip circuit input must be maintained at a negative potential to prevent tripping. This requirement is met by the current flow to negative 20 volts through the 10 K resistor. However, when the emitter is driven more positive than the trip setting, the transistor conducts and the output is driven positive, which causes tripping.
It will be noted that either grounding or opening the trip output circuit will also cause tripping.
Interlocks are provided on the function switch to guard against moving the switch from the operating position unless the amplifier is disconnected from the trip circuit.
Remote Output and Recorder Circuits
A jack is provided for remote meters with resistors which are removed to maintain constant circuit impedance. This is desirable because of the low outputs of 15 and 4 volts for the logarithmic level and period circuits.
Construction
The plug-in power supplies, etched circuit cards, and shielded electrometer housings are shown in Figures 9 and 10 . The design is arranged for maximum accessibility and ease of servicing. Figure 11 is a diagram of the complete circuit.
CONCLUSIONS
A number of these amplifiers have been in use for approximately one year with satisfactory operation and no transistor or log diode failures. The only replacements which have been made are 5889 electrometers which were initially used for the log amplifiers. We are considering changing these to the 5886 type, which appears to have a much longer life. 
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